and humidity and water availability (Vleck and Priedkalns, 1985) . Although the mechanisms controlling seasonal reproduction in high-latitude birds have been well studied, little is known about proximate cues to reproductive timing in tropical birds. In most species investigated, reproduction is seasonal as it is in temperate zone birds, even in populations living close to the equator. In these regions, day length hardly varies and is, therefore, unlikely to be involved in reproductive timing. Because breeding often is related to the temporal relationship to the rain cycle, it has been suggested that other proximate factors associated with the switch from the dry to the rainy season or vice versa, such as rainfall, temperature, and relative humidity, provide timing cues for these birds. However, experimental evidence supporting these suggestions is almost entirely lacking (Immelmann, 1973; Murton and Westwood, 1977; Gwinner 1986) .
In this article, I investigate the constitution of the environmental zeitgebers for annual reproduction in Figure 2 . Map Komdeur, 1994a Komdeur, , 1996a . The Seychelles warbler is purely insectivorous. Once paired, Seychelles warblers reside permanently in the same territory. The most common clutch size is a single egg (91.1%, n = 223). However, females in territories with high food availability can lay larger clutches. Fledging occurs at 18-20 days, and young birds remain highly dependent on adults until they become proficient foragers at about 88 days of age (Komdeur, 1991) . Breeding success for warbler pairs was low; only 41.6% of all territories produced independent young, and only 24.7% produced young that survived to 1 year of age. Breeder mortality is low (18.5% per year) and divorce is rare, and so the same pair occupies the same territory for several years, sometimes as long as 9 years. Although warblers can breed successfully in their first year, some individuals remain in their natal territories and delay breeding for several years, sometimes never reproducing. Young frequently remain in their natal territories and act as helpers, aiding in territorial defense, predator mobbing, nest building, incubation (only females), and feeding dependent young of their parents. Since 1982, cooperative breeding has been widely observed all over the island (Bathe and Bathe, 1982 (Komdeur, 1994b) . Group living is promoted not only by habitat saturation but also by competition for higher quality territories (Komdeur, 1992 (Hottinger, 1982 (Komdeur, 1991 (Brooke and Houston, 1983; Owen, 1986; Komdeur, 1994a Komdeur, , 1996a . Because the warblers are purely insectivorous, taking 98% of their insect food from leaves (Komdeur, 1991) (Experiment 2) . The control units consisted of 7 and 6 breeding pairs, respectively, on Cousin. In both experiments, the annual reproductive success of each pair was exactly known in the 2 years before and 2 years (Experiment 1) or 1 year after (Experiment 2) the translocation.
All the pairs were experienced breeders because they had bred successfully (i.e., raised fledglings) in 2 consecutive years before transfer. Territory quality, which was correlated with reproductive success (Komdeur, 1991) , did not differ significantly between experimental and control territories pretransfer and within control territories during the experimental period (pre-and posttransfer) (Table 1) . During the whole experimental period, no helpers had assisted the breeding pairs in raising broods, the breeding pairs remained the same, and the ages of breeding birds remained within the 3-to 7-year age interval, that is, the period during which annual reproductive success remained constant for both breeding males and females (Komdeur 1991 (Komdeur , 1996b (Fig. 3) .
The seasonal pattern of food abundance on Aride and Cousine was synchronous with that on Cousin (Fig. 3 (Fig. 5 and Table 3 ). Compared to nest initiations starting 2 months before the food peak, nest initiations in all other months resulted in significantly lower probability of a nest containing a clutch (except when nesting occurred in the third month before insect peak) and significantly lower probability of a clutch surviving to a pullus (except when nesting occurred in the third month before insect peak), a fledgling, an independent young bird, or a yearling (Table 3 ). The probability of clutches producing yearlings was highest when Seychelles warblers commenced nest building 2 months prior to the insect peak, as 56.7% of such clutches resulted in the production of yearlings (Fig. 5 and (Table 4 ). Nest-building activity was not correlated with insect food abundance in the same month but was so correlated 2 months later.
However, nest-building activity was not correlated with any monthly increase in insect food (Table 4) .
When variables were pooled, forward multiple regression showed that both day temperature and rain frequency had a significant overall influence on nesting activity (51.6% of total variance) ( Table 5) . Of these variables, day temperature explained most of the variance (43.0%). The lower the day temperature, the higher the nest-building frequency After controlling for day temperature, rain frequency significantly affected breeding activity (Table 5) . The values of remaining partial correlations were not significant.
Lower temperatures and higher rain frequency had a favorable influence on insect abundance 2 months later (Table 6 ). Most young warblers were present at the peak time of insect abundance (Table 6 ). Two months not only was the time lag between the influence of temperature or rain frequency on insect food availability, it was also the time needed for courtship /nest building, incubation, and hatching (Table 2) . Therefore, by responding to a decrease in day temperature and an increase in rain frequency, the warblers timed their nest building such that insect food was at a maximum when it was most needed: 2 weeks after hatching, when nestling growth is maximal (Komdeur, 1991) . It seems that warblers show a flexibility in the initiation of breeding. During the 5-year study period on Cousin, each year warblers shifted the onset of breeding in accordance with the food peak about 2 months later (Fig. 6) . Comparing the percentages of territories with nestbuilding activity on Aride and Cousin for the 3 years and 2 months after the transfer (Fig. 4) , Aride birds showed, on average, 6.1 times more nest-building ac- Comparing the percentages of territories with nestbuilding activity on the three islands for 1 year and 5 months following the transfer to Cousine (Fig. 4) During the 2-year period before transfer, experimental and control units had the same annual production of fledglings and yearlings (Fig. 7) . After transfer of the experimental groups to the islands of Aride and Cousine, reproductive success of these groups increased significantly. At the same time, reproductive success of control groups remaining on Cousin and obeying the same selective criteria did not change significantly (Fig. 7) .
Over the 2-year period following the transfer to Aride, the production of yearlings per experimental pairs on this island was significantly higher than that by the same pair on Cousin during the 2-year period before the transfer ( (Table 7) , it is no wonder that Aride birds were able to sustain high breeding output.
The production of offspring per experimental pair on Cousine in the 1-year following the transfer was significantly higher than that by the same pair on Cousin (Table 7 ). This was due mainly to the higher number of nests built per territory (2.3 times), not (as on Aride) to higher nesting success. Percentage of nests with clutch, clutch size, hatching, and fledging success were all slightly, but not significantly, higher on Cousine. In addition, fledgling survival to 1 year of age was 5 times higher on Cousine. Taken together, these factors resulted in a 5 times higher production of yearlings by the experimental pairs. Mean territory quality of experimental pairs on Cousine was 3.4 times higher than that on Cousin (Table 7) . These results are in agreement with the fact that the quality of warbler territories was intermediate compared to that of Aride and Cousin (Table 7) .
Increased breeding on Aride and Cousine is not caused because temperature and rain levels are above a certain threshold level during part or all of the year. Mean monthly temperature, monthly rainfall, and monthly rainfall frequency on these islands (Table 7) , as well as their annual patterns (Komdeur, 1994a (Komdeur, , 1996a , were the same as those on Cousin ( all years, there was a smaller, second nesting season from December to February, separated from the main season by a distinct gap. This second nesting peak was due to the presence of warbler pairs breeding on the small southeastern part of the island (6 hectares) protected by the hill. During the northwest monsoon season from December to March, this sheltered area was significantly less defoliated and had higher insect food abundance than did the northwest half of the island (Komdeur, 1996c (Lack, 1966; Perrins, 1970; Robertson, 1973) Both factors affect food availability through their effects on plant and insect phenology (Komdeur, 1991) . On Cousin, warblers seem to use a decrease in day temperature and/or an increase in rain frequency as cues in their breeding decisions rather than a change in rate of increase in insect food availability. In so doing, they time their nest building such that the presence of nestlings is synchronized with peak abundance of food. Food was at a maximum when it was most needed: 2 weeks after hatching, when nestling growth is maximal (Komdeur, 1991 (Perrins, 1970) ; in some months with low food availability and low nesting success, the probability of producing an egg was the same as that in months with high food availability and high nesting success (Fig. 5) (Ewald and Rohwer, 1982) , European kestrels (Falco tinnunculus) (Drent and Daan, 1980) , and song sparrows (Melospiza melodia) (Smith et al.,1980 (Komdeur, 1996a (Komdeur, 1996a) . Schultz (1991) Tompa (1964) Smith, 1988; Boutin, 1990; Rohwer, 1992) . Of 14 food supplementation studies reviewed by Arcese and Smith (1988) , only 5 (36%) reported increases in clutch size. Davies and Lundberg (1985) suggested that larger species might respond more readily to supplemental food because the formation of eggs limits their reproductive output (Winkler, 1985) . Smaller species, on the other hand, may be limited more by the ability of the parents to feed their young. My results are contrary to this hypothesis. On Aride, with significantly more food available per territory than on Cousin, I observed a twofold increase in clutch size among Seychelles warblers, a species in which females weigh about 14.7 g. This is in agreement with the study by Arcese and Smith (1988) , in which fed song sparrows, a species in which females weigh about 23 g, increased their clutch sizes.
Safriel (1972) suggested that clutch size in nidifugous birds is limited by the ability of the parents to protect their young from predation. However, this suggestion does not explain the determination of clutch size in the Seychelles warbler. Despite the same predator species and same predation pressure on the islands (Komdeur, 1994a (Komdeur, , 1996a (Komdeur, 1991) .
